Abstract: The aim of this study was to evaluate the effect of transgenic alfalfa (Medicago sativa L.) plants, in comparison to their non-transgenic counterpart, on the density and physiological profiles of aerobic bacteria in the rhizosphere. Plants of transgenic alfalfa expressing the AMVcp-s gene coding for Alfalfa Mosaic Virus coat protein were cultivated in a climatic chamber. Two methods were used to determine the microbial diversity in rhizospheres of transgenic plants. First, the cultivation-dependent plating method, based on the determination of the density of colony-forming bacteria, and second, a biochemical method using the Biolog TM system, based on the utilization of different carbon sources by soil microorganisms. Statistically significant differences in densities of rhizospheric bacteria between transgenic and non-transgenic alfalfa clones were observed in ammonifying bacteria (GTL4/404-1), cellulolytic bacteria (GTL4/404-1, GTL4/402-2, A5-3-3), rhizobial bacteria (GTL4/402-2), denitrifying bacteria (A5-3-3) and Azotobacter spp. (GTL4/402-2). The highest values of substrate utilization by microbial communities and average respiration of C-sources were determined in non-transgenic alfalfa plants of the isogenic line SE/22-GT2. Carbohydrates, carboxylic acids and amino-acids were the most utilized carbon substrates by both Gram-negative and Gram-positive bacteria. Both, the community metabolic diversity and the utilization of C-sources increased in all alfalfa lines with culture time and regardless of transgenic or non-transgenic nature of lines.
Introduction
The introduction of transgenic plants into agricultural ecosystems has raised the question of the ecological impact of these plants on nontarget organisms, including soil bacteria. Although differences in both the biodiversity verified by genetic methods and the metabolic functions of microbial communities associated with some transgenic plant lines have been established, it remains to be seen whether these differences have an ecological impact on the soil microbial communities (Dunfield & Germida 2003) .
The composition of bacterial communities associated with plant roots is influenced by numerous factors. Several studies showed the effect of the plant species, plant growth stage, soil type, field management practices as well as other environmental factors on the rhizosphere communities (Bachmann & Kinzel 1992; Di Cello et al. 1997; Smalla et al. 2001; Grayston et al. 2001; Harichová et al. 2006; Poonguzhali et al. 2006) . Possible impacts of transgenic plants on rhizosphere microbial communities are of concern because little is known about diversity-function relationships of microorganisms associated with transgenic plants in the soil environment (Bruinsma et al. 2003) . Comparative studies assessing whether there are differences between microbial communities living in the rhizospheres of transgenic and non-transgenic plants represent an important step in determining if the presence of transgenic material can catalyze changes in the environment (Le Blanc et al. 2007) .
The majority of studies addressing potential risks of cultivation of genetically modified plants have addressed the aboveground effects only. Recent methodological advances in soil microbial ecology have allowed to focus research onto underground effects and try to gain knowledge on genetically modified plants-driven effects on microbial communities and processes in soil, that are essential to key terrestrial ecosystem functions (Bruinsma et al. 2003) . The small size and rapid growth of microorganisms also allow for complex community interactions to be studied much more readily than with plants or animals (Garland 1997) . Microbial diversity within the soil is crucial to many functions, but it was difficult to determine the major components in the past (Lynch et al. 2004) . Additionally, variation in micro-Effect of transgenic alfalfa plants on soil microbial communities 769 bial community structure may have effects on ecosystems processes (e.g. nutrient recycling, decomposition) or the effectiveness of microbial invasions (e.g. growth of pathogens, release of genetically engineered microorganisms) (Garland 1997) .
The evaluation of the impact of transgenic plants on soil microbial community requires sampling of rhizospheric soils (Ikeda et al. 2006) . The rhizosphere can be defined as the zone of primary root influence and it harbours very high numbers and activities of organisms (Giri et al. 2005) . This highly active system associated with plant roots is mainly supported by the carbon input from living roots, which may include sloughed-off materials, dead root hairs, and root exudates (Cheng & Gershenson 2007) . Rhizospheric environments are "hot spots" for bacterial gene transfer, since enhanced nutrient availability and water/exudate fluxes stimulate bacterial activity and consequently horizontal gene transfer processes, occurring by conjugation, transformation and transduction (Giovannetti et al. 2005) . It is well established that plant breeding by traditional techniques, as well as using genetic modification, might affect the structural and functional diversity of the rhizosphere microbial community, through for example an altered root morphology and physiology or plant exudates, and thus might affect the balance of plant-beneficial and deleterious microbes (Lynch et al. 2004) .
There is a number of methods used for evaluation of the effects of transgenic plants on soil microbial communities: the plating method (Donegan et al. 1999 ), molecular analyses (Brusetti et al. 2004) , biochemical methods including utilization of sole carbon sources (Brusetti et al. 2004) , study of microbial metabolic activity (Stotzky et al. 1993 ) and different enzymatic assays (Shen et al. 2006) .
The plating method is widely used for identification and characterization of variations in functional bacterial groups, such as symbiotic nitrogen fixers and nitrifiers or organic matter decomposing bacteria (Giovannetti et al. 2005) . Changes in the total numbers and species composition of culturable aerobic bacteria are also determined by using the plating method (Donegan et al. 1995) . It is hypothesized that the readily culturable soil bacteria may be the main contributor to ecosystem functioning. The culturable part of the microbial community is an important ecological parameter and it is important to assess its activity to see how it opposes to the presence or absence of bacteria (Ellis at al. 2003; Kirk et al. 2004 ). Information on functional diversity is essential for understanding the role of microbial communities in different environments. Variations of the commercially available Biolog TM bacterial identification system plates are now widely used to assess the functional diversity of microorganisms from environmental samples, based on utilization patterns of a wide range (up to 95 per plate) of single carbon sources (Preston-Mafham et al. 2002) . This approach, called community-level physiological profiling (CLPP), has been effective at distinguishing spatial and temporal changes in microbial communities (Garland 1997) .
None of the methods used for assaying the effects of transgenic plants on soil ecosystems provides a complete depiction of soil microbial characteristics, as each of these approaches provides a slightly different perspective. The use of multiple approaches can provide a more complete representation of soil microbial characteristics (Larkin & Honeycutt 2006) . Therefore, the aim of this work was to study the effect of transgenic plants of alfalfa with introduced gene for Alfalfa Mosaic Virus coat protein on soil microbial communities using a combination of two different methods, the plating method utilizing selective culture media and the biochemical method using Biolog TM microplates, in comparison to that of isogenic non-transgenic control line.
Material and methods

Plant material
In this study three transgenic lines of alfalfa (Medicago sativa L.) containing the AMVcp-s transgene (Kúdela & Gallo 1995) coding for Alfalfa mosaic virus coat protein (GTL4/402-2, GTL4/404-1, and A5-3-3) and the parental non-transgenic line (SE/22-GT2, without the AMVcp-s gene, Faragó et al. 1997) were grown in greenhouse conditions in sterilized or non-sterilized soils.
Plant genetic transformation
The transgenic lines of alfalfa, carrying the AMVcp-s gene were developed by the Research Institute of Plant Production (RIPP, Piešťany, Slovak Republic). In brief, a highlyembryogenic genotype BR9/I-14-22, line SE/22-GT2, derived from the cultivar 'Lucia' (Faragó et al. 1997 ) was selected for Agrobacterium-mediated genetic transformation of alfalfa. Trifoliate leaves with petioles excised from plants grown in 3:1 mixture of soil and perlite in the greenhouse were surface sterilized for 10 min in solution of 0.1% (w/v) mercuric chloride (HgCl2) and 0.1% (v/v) of Tween 20 (Sigma-Aldrich, Germany). After being rinsed 5-to 6-times in sterile distilled water, petiole explants were immersed for 1 min in an overnight grown liquid culture of A. tumefaciens strain GV3101 containing the plasmid pBIAMVcp (provided by Dr. O. Kúdela, Institute of Virology, Slovak Academy of Sciences, Bratislava, Slovakia). This construct, derived from the plasmid pBI121 (Chen et al. 2003) , carried the selection marker gene nptII encoding the enzyme neomycin phosphotransferase (NPTII) and the cDNA of the gene encoding Alfalfa mosaic virus coat protein in sense orientation (AMVcp-s) under the control of CaMV 35S promoter and nos terminator. After blotting plant tissues on sterile filter paper, tissues were co-cultured with agrobacteria for the next 4 days. Afterwards, the explants were rinsed with a solution of 500 mg L −1 cefotaxime and 500 mg L −1 carbenicillin in sterile distilled water and transferred to GMK medium (callus induction medium, Faragó et al. 2000) supplemented with 50 mg L −1 of kanamycin, 500 mg L −1 of cefotaxime and 500 mg L −1 of carbenicillin (GMKS). Kanamycin resistant (Kan R ) calli were subcultured onto fresh GMKS media in two-week intervals. After 3 cycles of subculturing calli on selective callus induction media (GMKS), the calli were transferred for induction of somatic embryogenesis onto selective B5m medium (B5mS) containing B5 salts and organics (Gamborg et al. 1968) 
Plant propagation
The isogenic parental and transgenic alfalfa plants were propagated by micropropagation using the axillary branching method. Microcuttings were cultured on hormone-free MS medium (Murashige & Skoog 1962) • C at night, relative air humidity about 70%). Pots (4 plants in each) were arranged in a randomized complete block design and each treatment was performed in three parallels.
Culturable rhizosphere bacteria evaluation
Microbiological analysis of soil was carried out before the planting in non-sterilized soil and 12 weeks after planting of acclimatized alfalfa plants into plastic pots at the flowering stage. Approximately 10 g of rhizosphere soil samples were collected at flowering stage from the surroundings of alfalfa roots in about 0.02 m depth. After homogenization and sieving through a 2 mm mesh, part of the samples was dried and the rest was prepared for microbiological analyses according to Schinner et al. (1996) . Total cellulolytic bacteria, ammonifying bacteria, nitrifying bacteria, denitrifying bacteria, rhizobacteria, Azotobacteria, actinomycetes and the total number of bacterial spores in samples were determined using a 10-fold dilution plate technique. The homogenized and sieved soil samples (5 g) were suspended in 100 ml of sterile water, shaken on a laboratory shaker (Type 358S, Poland) for 30 min at 200 rpm, and 10-fold serially diluted. The colony-forming units (CFU) of functional bacteria were determined by inoculation of 100 µL of the diluted sample on appropriate microbiological culture media in Petri plates, with two parallels per dilution. Inoculated plates were incubated at 28
• C for 2 days. Colonies were counted and expressed as CFU.g −1 of soil dry weight (DW), except for Azotobacter. The assays were the following: 1) determination of the density of cellulolytic bacteria on filter paper discs (Whatman 1, Whatman Ltd., USA) on agar plate as the sole carbon source (Somasegaran & Hoben 1994) ; 2) determination of the density of ammonifying bacteria cultured on Meat-peptone agar (MPA, Imuna, Slovakia) (Soriano & Walker 1968) ; 3) determination of the density of nitrifying bacteria cultured on Medium for Nitrifying Bacteria (Paul & Clark 1989) ; 4) determination of the density of denitrifying bacteria cultured on Medium for Denitrifying Bacteria (Paul & Clark 1989) ; 5) determination of the density of rhizobial bacteria cultured on Rhizobium medium for isolation of Rhizobium species (Biomark Laboratories, India); 6) determination of the density of actinomycetes cultured on Actinomycete isolation agar (Biomark Laboratories, India); 7) determination of the total number of bacterial spores in the samples treated by heating for 10 min at 80
• C, that formed colonies on Thornton's agar (Donegan et al. 1999) , and 8) determination of the presence of Azotobacter in the soil using the aggregate method on Ashby's agar which was expressed as percentage of fertile pieces of soil (Mattos & Oliveira 1997) .
Carbon substrate utilization assay
The biochemical method used to compare metabolic profiles of rhizosphere samples of transgenic vs. non-transgenic alfalfa plants was based on the patterns of utilization of a series of single substrates in 96-well Biolog TM (Biolog, Inc., USA) GN and GP microtitre plates (Garland & Mills 1991; Di Giovanni et al. 1999) . Biochemical analyses of soils were carried out before the planting (non-sterilized soil) and 12 weeks after planting acclimatized alfalfa plants into plastic pots. Soil samples (5 g) were collected from the surroundings of alfalfa roots in 0.02 m depth. After sieving through a 2 mm mesh, samples of soils were homogenized in 10 mM sterile phosphate buffer (Betina et al. 1987 ) and shaken on a laboratory shaker (Type 358S, Poland) for 30 min at high speed (200 rpm). The 10 −4 dilution in phosphate buffer was centrifuged for 2 min to separate remaining soil particles and 100 µL of supernatant was inoculated into Biolog GN (for Gram-negative bacteria) and Biolog GP (for Gram-positive bacteria) microtiter plates to evaluate the bacterial community utilization of 95 carbon sources (two parallels for each extract) (Brusetti et al. 2004; Garland 1997) . The microplates were incubated in the dark at 28
• C and colour development and optical density (absorbance at 590 nm) were measured every 24 h using a microplate reader MRX II (DYNEX Technologies, Inc., USA) until metabolic profiles were stabilized (8 days). These colour patterns in the 96-well matrix and intensity (O. D.) of colour formation were used to determine two parameters to describe the microbial communities: 1) the average metabolic response (AMR) calculated by averaging the mean difference between the O. D. of the C-source-containing wells and the control well, and 2) the community metabolic diversity (CMD) calculated by summing the number of positive responses (purple-coloured wells) observed following incubation (Sigler 2004 ). We constructed the community-level physiological profiles (CLPP) to characterize the spatial and temporal changes in microbial communities by description of AMR and CMD values in time.
Statistical analysis
The data were subjected to analysis of variance (ANOVA, statistical significance * p < 0.05, * * p < 0.01, * * * p < 0.001) using the Statgraphics Ver. 5.0 software.
Results and discussion
Culturable rhizosphere bacteria evaluation In this study, we assayed the effects of transgenic alfalfa plants containing the AMVcp-s gene encoding Alfalfa Mosaic Virus coat protein on rhizosphere bacterial communities. Our approach was based on using two different methods to analyse the abundance and structure (Schinner et al. 1996) was used to determine the numbers of colony forming units (CFU) of culturable bacteria on selective agar culture media. It is suggested that the relationship between functional groups of microorganisms involved in C, N, and P cycling, and their influence on plant growth are potential indicators of the impacts of disturbance on the soil environment (Ferreira et al. 2003 ). Therefore we used eight different culture media selective for the cellulolytic, ammonifying, nitrifying, denitrifying, rhizobia, Actinomycetes, Azotobacter spp., and total bacterial spores to distinguish the effects of transgenic plants on these different functional groups of microorganisms.
Population densities of different groups of culturable bacteria in the rhizosphere of transgenic and nontransgenic alfalfa plants are presented in Table 1 and the significance testing is shown in Table 2 . As expected, some marked differences in bacterial counts were revealed when sterilized or non-sterilized soil was used to grow alfalfa plants, as well as between soil before cultivation, and after 12 weeks of plant cultivation. However, only few statistically significant differences could be detected among the analysed alfalfa lines, for example for cellulolytic bacteria, ammonifying bacteria, and rhizobia in non-sterilized soil, and cellulolytic bacteria, denitrifying bacteria, and rhizobia in sterilized soil (Table 2) .
When we compared the microbial communities in the rhizosphere of genetically modified lines of alfalfa (GTL4/404-1, GTK4/402-2, A5-3-3) to those of the non-transgenic counterpart (SE/22-GT2), we only found few significant differences between transgenic lines and the control line (Table 1) , indicating no harmful effects of genetically transformed alfalfa plants on the rhizosphere microbial communities.
In general, the abundances of microorganisms in the rhizosphere of genetically transformed lines exceeded the CFUs of microorganisms in non-transgenic control line SE/22-GT2 for actinomycetes and rhizobia in non-sterilized soil, and for cellulolytic bacteria, nitrifying bacteria and rhizobia in sterilized soil, whereas slightly lower counts of bacteria in rhizospheres of transgenic plants were observed for cellulolytic and denitrifying bacteria in non-sterilized soil and ammonifying bacteria and actinomycetes in sterilized soil substrate. However, the overall ANOVA analysis of the bacterial counts revealed significant differences (p < 0.05; p < 0.01) between alfalfa lines only for total bacterial spores, actinomycetes and rhizobia (Table 2) . When analyzed separately, significant differences in bacterial colony numbers between rhizospheres of transgenic plants, and the non-transgenic counterpart were ob-served in transgenic line GTL4/404-1 for ammonifying and cellulolytic bacteria in non-sterilized soil, in line GTL4/402-2 for cellulolytic bacteria and rhizobia in both non-sterilized and sterilized soil, and in line A5-3-3 for cellulolytic bacteria in non-sterilized soil, and for cellulolytic and denitrifying bacteria in sterilized soil substrate (Table 1) .
In the soil treated before cultivation of alfalfa plants by sterilization, greater abundances of ammonifying and cellulolytic bacteria were observed compared to non-sterilized soil. The densities of cultivable bacteria were similar for nitrifying and denitrifying bacteria, whereas significantly lower numbers of actinomycetes and rhizobia were determined in sterilized soil (Table 2 ). These results may indicate different sensitivities of different functional groups of bacteria to competition and/or qualitative changes in soils occurring for example during heat treatment.
Twelve weeks of cultivation of both the transgenic and wild type alfalfa plants in non heat treated soil lead, in comparison to pre-cultivation analysis, to an increase in abundances of ammonifying bacteria, total bacterial spores, actinomycetes and rhizobia, and a decrease in numbers of cellulolytic bacteria. The densities of culturable denitrifying and nitrifying rhizospheric bacteria were similar in pre-cultivation soil and soil, in which alfalfa plants were cultivated for 12 weeks (Table 1 ). The occurrence of Azotobacter spp. was only observed in the rhizosphere of plants grown in non-sterilized soil, regardless of genetic modification, even though the highest proportion of fertile grains (43%) was observed in soil planted with the non-transgenic control line SE/22-GT2 (results not shown).
Different authors studying the bacterial diversity in transgenic and nontransgenic plant rhizospheres reported no- (Schmalenberger & Tebe 2002; Fang et al. 2005) , moderate- (Lottmann et al. 2000; Heuer et al. 2002; Dunfield & Germida 2003) or a significant effect (Oger et al. 1997; Sessitsch et al. 2002) on rhizosphere microbial communities. According to Donegan et al. (1999) , lignin peroxidase containing transgenic plants of alfalfa had significantly higher population levels of culturable, aerobic spore-forming and cellulose-utilizing bacteria, than the parental or transgenic amylase gene containing plants. Significantly higher population levels of culturable, aerobic spore-forming bacteria were also determined in the treatments containing the recombinant Sinorhizobium meliloti bacterial strain RMBPC-2. Likewise, transient but significant changes in soil bacterial species composition, measured by biochemical assays of individual cultures, have been observed in two out of three lines of cotton genetically engineered to produce the Bacillus thuringiensis var. kurstaki endotoxin (Donegan et al. 1995) . These results suggest that genetically engineered organisms may cause detectable changes in some components of the soil microorganisms (Donegan et al. 1999 ) even though there are also reports of no effects of transgenic plants on soil microorganisms abundance. For example, transgenic corn plants expressing the introduced B. thuringiensis toxin gene showed no significant differences in CFUs of culturable bacteria and fungi (Saxena & Stotzky 2001) .
The effect of transgenic maize Bt 176 on the rhizosphere bacterial community has been studied by Brusetti et al. (2004) with a polyphasic approach by comparing the rhizosphere of Bt maize cultivated in greenhouse with its non transgenic counterpart grown in the same conditions. Analysis of the abundance of cultivable copiotrophic, oligotrophic and sporeforming bacteria showed major differences between the bulk soil and rhizosphere bacterial communities, but only sporadic differences were detected between the different plant growth phases and between the transgenic and non transgenic cultivars. These results were also confirmed by an analysis of the functional diversity of bacterial communities performed by CLPP using Biolog GN microplates, which did not detect differences between the two cultivars. Significant differences were only found between the rhizosphere system and the bulk soil. These data are in agreement with previous studies of Saxena & Stotzky (2001) and Schmalenberger & Tebbe (2002) , who could not find any significant differences in the colony-forming units of culturable bacteria and actinomycetes in the rhizosphere of transgenic maize (containing the Bt or Pat genes) and their nontransgenic counterparts.
In our previous experiment with fourteen genetically modified lines of alfalfa containing the gene Ov from Japanese quail, coding for a methionine-rich protein ovalbumin, we evaluated the abundance of aerobic bacteria in the rhizosphere of greenhouse-grown plants (Faragová et al. 2005) . In comparison to average values, the abundances of culturable bacteria increased in the rhizosphere of transgenic lines and decreased in the rhizosphere of non-transgenic plants. Despite some differences in numbers of CFUs of bacteria isolated from soil samples collected from the surroundings of roots of transgenic and non-transgenic plants, we could not detect statistically significant differences between the individual alfalfa lines.
Carbon substrate utilization pattern analysis
As a second approach, we used Biolog GN and GP microplates to compare the functional diversity of microbial communities in rhizosphere soil of transgenic alfalfa plants GTL4/404-1, GTL4/402-2, and A5-3-3, and that of the non-transgenic control SE/22-GT2. The Biolog TM system was originally developed to use carbon source utilization patterns of individual bacterial isolates for taxonomic identification (Bochner 1989 ). However, substrate utilization patterns derived from inoculating soil suspensions directly into Biolog TM microtiter plates have also been shown to provide information relevant to soil microbial functional diversity (Zak et al. 1994; Garland 1996) , and may provide a functional basis for distinctions among microbial communities (Garland & Mills 1991; Haack et al. 1995) .
Bacterial suspensions from rhizospheres of transgenic plants and non-transgenic control line of alfalfa grown for 12 weeks in sterilized (heat-treated) or nonsterilized soil were used to inoculate the Biolog GN and GP plates and read daily at 590 nm for 8 days.
The substrate oxidation responses of microbial communities described by two parameters (CMD and AMR, respectively, Sigler 2004) exhibited a pattern similar to bacterial growth curves, with a lag phase (0-1 day), exponential phase (1-5 or 6 days), and stationary phase (5 or 6-8 days). The rhizosphere samples for both transgenic and non-transgenic control alfalfa plants showed similar patterns for both C) and D) . Statistical analysis of the community metabolic diversities (CMD) and average metabolic responses (AMR) of bacteria in the rhizosphere of transgenic alfalfa and isogenic control lines showed, however, statistically significant differences between used soil types (sterilized vs. nonsterilized), plates (GP vs. GN), and individual genotypes (ANOVA, p < 0.01, p < 0.001).
When we compared the CMD and AMR indices of microorganisms in the two types of soils, higher average values for both were obtained in case of soil treated with sterilization before planting. The highest numbers of chemical substrates utilized by microbial communities as well as the highest average respiration of the C-sources were obtained for the non-transgenic line SE/22-GT2 (Fig. 1) . In the rhizosphere of alfalfa plants Gram-negative bacteria were characterized by 54% and 75% higher CMD and AMR values than Gram-positive bacterial communities.
The most utilized carbon sources by soil microorganisms were carbohydrates (33-44%), carboxylic acids (28-29%) and amino acids (14-22%), by both the Gram-negative and Gram-positive bacteria (Fig. 2) . No significant differences for utilization of different groups of C-sources were observed among individual genotypes (Fig. 3) . Slightly higher utilization of carbohydrates, amino acids and polymers was observed in bacteria isolated from the rhizosphere of transgenic line GTL4/402-2. Of the studied alfalfa lines, rhizospheric bacteria from the transgenic line A5-3-3 utilized the most C derived from carboxylic acids, while those from transgenic line GTL4/404-1 utilized the most C derived from amines or amides and from the miscellaneous group (Fig. 3) . By day 8, the overall CMD value for bacteria in the rhizosphere of transgenic line GTL4/404-1 was 7% lower in comparison with its non-transgenic counterpart, similarly to the AMR value, which decreased by 22%. In both characteristics, significant differences were detected between the two lines (ANOVA, p < 0.05).
The CMD in the rhizosphere of genetically modified line GTL4/402-2 was lower by 14% in comparison with the non-modified line SE/22-GT2. The rhizosphere of this line was characterized by 19% lower utilization of C-sources compared with the rhizospheric activity of microbial communities of the non-transgenic line. Statistically significant differences between rhizospheres of these two lines were detected in both the CMD and AMR values, respectively (ANOVA, p < 0.001).
Though lower values of CMD (by 7%) and AMR (by 9%) were observed for microorganisms in the rhizosphere of alfalfa line A5-3-3 in comparison with the rhizosphere of non-transgenic control, statistically significant differences were found only for the AMR value (ANOVA, p < 0.05).
Rhizosphere bacterial communities of two transgenic alfalfa lines, expressing bacterial α-amylase and fungal lignin peroxidase, were analyzed by Di using Biolog TM GN plates. Cluster analysis and principal components analysis of the Biolog TM GN metabolic fingerprints indicated consistent differences in substrate utilization between the parental and lignin peroxidase expressing transgenic alfalfa rhizosphere bacterial communities. Cluster analysis of ERIC-PCR fingerprints of the bacterial communities in Biolog TM GN substrate wells revealed consistent differences in the types of bacteria enriched from the rhizospheres of each alfalfa genotype. Distinct metabolic fingerprints, also based on patterns of substrate utilization in Biolog TM GN plates, were exhibited by the soil bacterial communities associated with three alfalfa genotypes (parental, transgenic α-amylaseproducing and transgenic lignin peroxidase-producing), and those of the lignin peroxidase-producing plants were the most unique of them (Donegan et al. 1999) . Watrud et al. (2006) studied the potential adverse effects on rhizospheral microbial communities of genetic engineering of alfalfa for expression of low or high levels of a human metallothionein (hMT) gene. They observed significant differences in carbon substrate utilization patterns of microbial communities among transgenic lines, but not between transgenic plants and parental genotypes.
In the last decade, several reports on potential impacts of transgenic crops on the structure (abundance and diversity) and functioning of the soil microbial community have been published. In some studies, differences in microbial characteristics between soils planted with transgenic or non-transgenic plants have been found (Donegan et al. 1995; Siciliano et al. 1998; Sessitsch et al. 2002) . In other studies, no sig-nificant influences of transgenic plants have been reported (Lottmann et al. 2000; Saxena & Stotzky 2001; Schmalenberger & Tebbe 2002; Brusetti et al. 2004; Icoz et al. 2008) . Moreover, in accordance with our results, comparisons of the effects of transgenic plants on rhizosphere bacteria with those caused by environmental factors, soil types or other crop species, have very often shown much higher influences than the former one (Blackwood & Buyer 2004; Baumgarte & Tebbe 2005; Min et al. 2005) . Furthermore, many of the detected effects were time and space limited, and so they could potentially affect the transgenic plant itself (Widmer 2007) .
The in vitro culture techniques applied during the genetic transformation of plant cells (i.e. use of high concentrations of plant growth regulators, use of antibiotics for selection of transformed cells) can induce undesired changes in the genome of regenerated plants. For example, unintended effects may occur as a result of interactions between the introduced transgene or its regulatory elements and genetic elements at the site of insertion. This phenomenon, the so-called position effect, may change the expression of some parental plant genes and result in unexpected phenotypic changes of plants (Curtis et al. 2002) . Unexpected characteristics can also appear in root tissues of transgenic plants and in their root exudates (Tesfaye et al. 2001) . As a result of complex composition and diversity of soil microbial communities that are associated with plant roots and are selectively influenced by root exudation, changes in the composition of root exudates in transgenic compared to non-transgenic plants can have different effects on microbial communities. Such effects may, at least partially, explain the differences detected in studied parameters between transgenic and non-transgenic plants in our experiments.
Moreover, many authors report, that soil microbial communities are very plastic in composition and structure depending on different root zones, agricultural practices and environmental factors (Buckley & Schmidt 2003; Poonguzhali et al. 2006) . For example, Fang et al. (2005) reported, that bacterial communities in maize rhizosphere were more affected by soil texture than by cultivation of transgenic cultivars. Furthermore, in many cases the differences between rhizosphere microbial communities integrated with transgenic plants and parental non-transgenic plants showed to be temporary and dependent on the presence of live plants (Dunfield & Germida 2003) . Despite some inherent limitations, the use of the culture-dependent methods based on plate counts on selective media for specific groups of soil microorganisms, such as fungi and bacteria, has provided useful information for evaluating microbial diversity in various environmental samples, including the risk assessment of transgenic plants (Ikeda et al. 2006 ).
All the above-mentioned examples indicate that current knowledge of relationships between the structure and dynamics of rhizosphere microbial communities and growth characteristics and state of plant health -especially of genetically modified plants -are limited, however, the combined use of different methods can in the future bring principal knowledge important as for plant-breeders, so for microbiologists. It is evident that the evaluation of the impact of transgenic plants on soil microorganisms is important for the determination of potential risks associated with releasing transgenic plants into the environment.
In conclusion, the main objective of this study was to determine possible effects of the AMV coat protein containing transgenic alfalfa plants on the rhizosphere microflora. The results of a pot experiment showed slightly altered microbial communities in the rhizospheres of transgenic plants. However, differences between transgenic and non-transgenic plants were in the same range as the differences between the transgenic genotypes. Moreover, these effects were minor to differences caused by the two soil substrates. It is also evident that for more accurate and more extensive estimations of potential effects of the AMVcp-s gene containing transgenic alfalfa plants on rhizosphere microbial communities, the use of polyphasic approach, providing different information on processes and characteristics of microbial biotypes associated with the plant root system, will be necessary in the future.
